Abstract. Lipo-PGE1 is the most widely used formulation of PGE1 in clinic. However, PGE1 is easier to leak out from lipo-PGE1 and this will lead to the phlebophlogosis when intravenous injection. The stability of lipo-PGE1 in storage and in vivo is also discounted. The aim of this study is to develop a long-circulating prostaglandin E1-loaded nanoemulsion modified with 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] (DSPE-PEG) to improve the stability and pharmacokinetics profiles of lipo-PGE1. PEGylated PGE1 nanoemulsion was prepared using a dispersing-homogenized method. The stability of nanoemulsion in 1 month was investigated. Pharmacokinetic studies were employed to evaluate the in vivo profile of the optimized nanoemulsion. The optimized nanoemulsion PGE1-PEG2000(1%)-NE showed an oil droplet size <100 nm with a surface charge of −14 mV. Approximately, 97% of the PGE1 was encapsulated in the nanoemulsion. The particle size, zeta potential, and drug loading of PGE1-PEG2000(1%)-NE were stable in 1 month. After PGE1-PEG2000(1%)-NE was intravenously administered to rats, the area under curve (AUC) and half-life of PGE1 were, respectively, 1.47-fold and 5.98-fold higher than those of lipo-PGE1 (commercial formulation). PGE1-PEG2000(1%)-NE was an ideal formulation for prolonging the elimination time of PGE1. This novel parenteral colloidal delivery system of PGE1 has a promising potential in clinic use.
INTRODUCTION
Prostaglandin E1 (PGE1), also known as alprostadil, is an autacoid drug. PGE1 has multiple effects on peripheral vascular system, including increase of peripheral blood flow (1) and viscosity (2) , modulation of fibrinolytic system (3), inhibition of platelet aggregation (4), vasodilation, cytoprotection, and angiogenesis. In clinic, PGE1 is used for treatment many diseases such as peripheral arterial occlusive disease (5) (6) (7) (8) , pulmonary arterial hypertension (9, 10) , hepatopathy, hypertension, diabetic neuropathy, hypoxia/reperfusion injury (11) . In addition, it was found that PGE1 had potential in treatment of mixed arterial and venous ulcers of the lower limbs (12) . However, the clinical application of PGE1 is limited due to its low solubility and low bioavailability. PGE1 also has a short elimination half-life because of the first-pass metabolism in the lungs (13, 14) . Thus, it is difficult for PGE1 to keep a high enough concentration in blood even if it is administered at high doses.
A number of new alternative dosage forms of PGE1, such as lipid microspheres (15) , inhaled PLGA particles (16) (17) (18) for pulmonary arterial hypertension, and nanoparticles (19) (20) (21) (22) , can prevent PGE1 from inactivation in blood and improve the efficacy of PGE1. Among these new dosage forms, PGE1 lipid microspheres (lipo-PGE1) were established by Mizushima (15) . Since it can deliver the encapsulated PGE1 efficiently to disease sites, lipo-PGE1 is used widely in clinic. However, PGE1 is easier to leak out from lipo-PGE1 because of hydrophilic nature of PGE1 (18) . This not only leads to the phlebophlogosis when it is intravenously administered but also decreases the stability of lipo-PGE1 in vitro and in vivo.
Nanoemulsion is heterogeneous system composed of oil droplets dispersed in aqueous media and stabilized by using surfactant molecules. Nanoemulsion is suitable to encapsulate and deliver hydrophobic drugs. Besides, nanoemulsion is kinetically stable without any apparent flocculation or coalescence during the long-term storage due to their nanometersized droplets (23) (24) (25) (26) . The organic solvent is usually used during the preparation of nanoparticle and liposome. Thus, compared with nanoparticle and liposome, the preparation of nanoemulsion is convenient and safe (27, 28) . At present, the US Food and Drug Administration has approved several nanoemulsion formulation of compound with poor water solubility for clinical use, such as cyclosporin (Neoral®, Gengraf®) and ritonavir (Norvir®).
The factors that limit the systemic exposure of oil-inwater nanoemulsion following their intravenous administration include a rapid clearance from the blood by mononuclear macrophage system (MPS), mainly by Kupffer cells in the liver and spleen. Polyethylene glycol (PEG) has been used in many kinds of drug delivery system. PEGylation of nanoemulsion (PEG-NE), which can avoid MPS uptake and prolong the circulation time of the nanoemulsion, is an attractive method to increase systemic exposure of nanoemulsion (29, 30) .
The goal of this study was to prepare a PEGylated PGE1 nanoemulsion (PGE1-PEG-NE) to improve the pharmacokinetic profile of PGE1 after it was intravenously administered. The PEGylated nanoemulsion, which was composed of glycerol, soybean oil, lecithin, and PGE1, was prepared by a solvent diffusion method in an aqueous system. 1,2-distearoyl-snglycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] (DSPE-PEG) was incorporated into nanoemulsion to obtain PEGylated nanoemulsion. The amount of the DSPE-PEG added into the nanoemulsion was optimized according to the size, zeta potential, and drug encapsulation efficiency of the PEGylated nanoemulsion.
Although PGE1 has been already formulated as a commercial injectable emulsion (31), its pharmacokinetic characteristics are generally lacking. It is known that the nanoemulsion system usually affects the pharmacokinetic behavior of the encapsulated drug and consequently changes its therapeutic effect. Thereafter, the pharmacokinetics of the commercial lipid injectable emulsion of PGE1 (lipo-PGE1) and the PEGylated nanoemulsion of PGE1 (PGE1-PEG-NE) were investigated.
EXPERIMENTAL Materials
Prostaglandin (PG) E1 was purchased from Jilin Yinglian Biopharmaceutical Co., Ltd. (Jilin, PR China, Lot No.20120401), internal standard prednisolone was purchased from Sigma. Methanol and acetonitrile were high-performance liquid chromatography (HPLC) grade and obtained from Fisher Scientific (FairLawn, NJ, USA). 1,2-Distearoyl-snglycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] (DSPE-PEG2000) and DSPE-PEG5000 was purchased from Corden Pharma International (Plankstadt, Germany). DSPE-PEG10000 was purchased from Nanocs (New York, USA). Ultrahigh purity water, prepared by using the Milli-Q system, was used throughout the study. All other chemicals were analytical grade and used without further purification. Alprostadil lipid microspheres (lipo-PGE1) (1 mL:5 μg) were purchased from Xi'an Libang Pharmaceutical Co., Ltd., (Xi'an, PR China).
Preparation and Optimization of the PGE1 PEGylated Nanoemulsion
The oil and the aqueous phases were first separately prepared. The oil phase, consisting of soybean oil and egg lecithin, was heated at 70°C under stirring to ensure lecithin was completely dissolved. The obtained oil phase was cooled down to the room temperature (25°C). Then, PGE1 and different types and amounts of the DSPE-PEG (as shown in Table I ) were added and dissolved in the oil phase. The oil phase was stored at 25°C. The aqueous phase was prepared by dissolving sodium oleate in water. To adjust isotonicity, glycerol (2.5%, w/w) was added to the aqueous phase. The phases were combined by adding the oil phase to the aqueous phase and further pre-homogenized with a high-shear dispersing emulsifier (FLUKO FA25, FLUKO company, Germany) at 10,000 rpm for 5 min. The obtained coarse emulsion was subsequently homogenized with a high-pressure homogenizer (PandaPlus1000; Niro Soavi Company, Italy) at 800 bar. The high-pressure homogenization process was repeated 6 cycles discontinuously.
Characterization of PGE1-PEG-NE and Lipo-PGE1
The zeta potential, average particle size, and size distribution of lipo-PGE1 and PGE1 PEGylated nanoemulsion (PGE1-PEG-NE) with different formulation were determined by dynamic light scattering using a Beckman Coulter particle analyzer (Fullerton, California, USA). Samples were diluted with ultrahigh purity water before analysis.
Encapsulation Efficiency Evaluation
The free PGE1 and PGE1 encapsulated in PGE1-PEG-NE and the lipo-PGE1 were separated by ultra-filtration. Briefly, the sample (1 mL) was placed in the Centrisart filter (molecular weight cutoff 5000 kDa, Sartorius, AG, Germany) and centrifuged at 8000×g for 10 min. The nanoemulsion with encapsulated PGE1 remained in the outer chamber, and aqueous phase containing free PGE1 was moved into the sample recovery chamber. The amount of the PGE1 in both phases was determined by using liquid chromatography-mass/mass (LC-MS/MS) method as described below, and encapsulation efficiency was calculated.
Stability of PGE1-PEG-NE
To evaluate the physical stability of lipo-PGE1 and PGE1-PEG-NE with different formulations, they were stored at room temperature for 1 month. The average particle size, size distribution, surface charge, and encapsulation efficiency of lipo-PGE1 and PGE1-PEG-NE with different formulations were determined by using the previously described method.
In Vivo Pharmacokinetic Behavior
All animal procedures were approved by the Animal Ethics Committee of the Fourth Military Medical University. 
Adult male Sprague-Dawley rats (200±20 g) were obtained from the Experimental Animal Center of Fourth Military Medical University, Xi'an, Shaanxi. The rats had free access to food and water. The animal room was maintained on a 12-h light/dark cycle, with a temperature range between 20 and 22°C and 50% relative humidity. The optimized PGE1-PEG-NE was freshly prepared and administered to rats via the tail vein at the dose of 200 μg PGE1/kg (n=6). The lipo-PGE1 was also administered to rats at the same route and dose. Blood was collected at pre-dose and 1, 2, 4, 6, 10, 15, 20, 30, 60 min after the administration of nanoemulsion. The plasma was obtained by centrifugation of blood at 500×g (4°C, 10 min). The concentration of PGE1 in plasma was detected by LC-MS/MS.
Sample Preparation and LC-MS/MS Method
PGE1 and IS (prednisolone) in plasma were extracted using a liquid-liquid extraction method. Briefly, plasma samples (100 μL), IS (prednisolone, 10 μL, 100 ng/mL), and diethyl ether (2 mL) were added into a clear tube. The mixture was then vortexed for 3 min and centrifuged (1000×g for 10 min). The organic layer was carefully transferred to a fresh tube (about 1.5 mL) and was evaporated to dryness by using Termovap sample concentrator (35°C, 7 min). The residue in the tube was dissolved in methanol (100 μL) for LC-MS/MS analysis.
A Quattro Premier liquid chromatography-mass/mass (LC-MS/MS) system (Waters Corp., Milford, MA) operating under MassLynx 4.1 software was used. An XTerra C18 analytical column (150×2.1 mm, 5 mm, Waters Corp.) was used. The mobile phase consisted of acetonitrile-0.1% formic acid in water (80:20, v/v) at a flow rate of 0.2 mL/min. An electrospray ionization-mass spectrometry (ESI) source was used and was operated in negative ion mode in selected multiple reaction monitoring (MRM) mode. The source temperature was 110°C, and the desolvation temperature was 300°C. Nitrogen was used as the desolvation and cone gas with a flow rate of 650 and 50 L/h, respectively. Argon was used as the collision gas at a rate of 0.18 mL/min. The autosampler was maintained at 25°C and the injection volume was 10 μL. Ionic reaction was 352.9→317.0 (m/z) for PGE1 and 359.0→329.0 (m/z) for IS. Collision energy was −30 and −25 eV for PGE1 and IS, respectively.
Data Analysis
The pharmacokinetic parameters were calculated by using non-compartment model by the pharmacokinetic program Drug and Statistics, version 3.0 (Mathematical Pharmacology Professional Committee of China, Shanghai, China). The highest observed plasma concentration and its corresponding sampling time were defined as Cmax and Tmax, respectively. The area under the curve from time zero to infinity (AUC 0-∞ ) and to the last detectable time point (AUC 0-T ) was calculated by the linear trapezoidal method. The terminal half-life (t 1/2 ) was estimated by a linear regression analysis of the three or four data points of the terminal linear segment of the log plasma concentration versus time curve. Plasma clearance (CL) and volume of distribution values were calculated by standard methods.
Statistical Analysis
Data were reported as mean ± standard deviation of means (SD). A minimum of three animals per group was used. The significances of differences were determined using Student's t test two-tailed for each paired experiment. p<0.05 was considered statistically significant in all cases.
RESULTS

Validation of Analytical Method
The typical chromatograms to detect PGE1 in rat plasma are shown in Fig. 1 . A standard curve was constructed by plotting the ratio of peak areas of PGE1 and IS versus PGE1 concentration. The correlation coefficient of PGE1 was found to be 0.9947 for plasma samples. The mean±standard deviations (n=3 replicates) of PGE1 slope and intercept of the regression curve were 5.515 and 4.730 for plasma. Calibration curve was linear over the concentration range of 1-500 ng/mL. The limit of detection (LOD) (S/N>4) and limit of quantitation (LOQ) (S/N>10) were 0.3 and 1 ng/mL, respectively. The calibration standards for intraday and interday accuracy and precision are shown in Table II . The intraday and interday precisions ranged from 5.6 to 7.0% and from 3.9 to 6.5%, respectively. The above data implied that the analytical method was highly sensitive and specific and was suitable to the pharmacokinetics study of PGE1 in rats.
Preparation and Characterization of Nanoemulsions
The nanoemulsions were prepared by using different molecular weights of DSPE-PEG as well as different concentrations of DSPE-PEG. The encapsulation efficiency, zeta potential, average particle size, and size distribution of different formulations and lipo-PGE1 are shown in Table III . The results indicated when content of PEG-DSPE2000 increased from 0.5 to 1%, average particle size of PGE1-PEG2000-NE became smaller with the increase of content of PEG-DSPE2000, and the zeta potential of PGE1 nanoemulsion decreased significantly with the increase of content of PEG-DSPE2000. When the content of PEG-DSPE2000 was beyond 2%, average particle size and zeta potential of PGE1 nanoemulsion increased obviously. The average particle size of PGE1 nanoemulsion increased significantly with the increase of molecular weight of PEG in DSPE-PEG. The zeta potential of PGE1 nanoemulsion decreased significantly with the increase of molecular weight of PEG in DSPE-PEG. There was no significant effect of type and amount of the DSPE-PEG on the encapsulation efficiency.
Stability Studies
The physical stability of lipo-PGE1 and PGE1-PEG-NE with different formulations in 1 month of storage at 25°C was investigated. The results are shown in Table III . The encapsulation efficiency, droplet size, and surface charge are considered to be the most representative parameters in the control of nanoemulsion stability. The results showed there was no significant change (p<0.05) in encapsulation efficiency, average particle size, and surface charge after PGE1-PEG2000(1%)-NE, and lipo-PGE1 was stored for 1 month as compared with initial samples at 0 day. This implied that PGE1-PEG2000(1%)-NE was stable in 1 month. Although the average particle size and surface charge of PGE1-PEG2000(0.5%)-NE, PGE1-PEG2000(2%)-NE, PGE1-PEG5000(0.5%)-NE, PGE1-PEG5000(1%)-NE, and PGE1- Fig. 1 . Typical chromatograms of drug-free rat plasma (a) and spiked rat plasma containing 100 ng/ mL of PGE1 and 100 ng/mL of IS (b) RSD relative standard deviation PEG10000(1%)-NE did not change significantly after they were stored for 1 month as compared with initial samples at 0 day, their encapsulation efficiency decreased obviously after they were stored for 1 month as compared with initial samples at 0 day. According to the average particle size, zeta potential, and stability, PGE1-PEG2000(1%)-NE was selected for further study. The typical TEM image of PGE1-PEG2000(1%)-NE and its size distribution measured by DLS at room temperature are shown in Fig. 2 .
In Vivo Pharmacokinetic Behavior Figure 3 shows the plasma concentration versus time profiles of PGE1 after PGE1-PEG2000(1%)-NE and lipo-PGE1 were intravenously administered. The pharmacokinetic parameters are shown in Table IV . The plasma concentration and AUC of PGE1-PEG2000(1%)-NE were significantly higher as compared with the same dose of lipo-PGE1. The Cmax of PGE1-PEG2000(1%)-NE was higher than that of lipo-PGE1. Additionally, compared with lipo-PGE1, the elimination half-life of PGE1-PEG2000(1%)-NE was significantly longer. After PGE1-PEG2000(1%)-NE was intravenously administered, the total plasma PGE1 clearance was 0.1660 L/min/kg. The total plasma PGE1 clearance was 0.2417 L/min/kg after the same dose of lipo-PGE1 was intravenously administered. Compared with lipo-PGE1, the apparent volume of distribution of PGE1 was significantly increased after PGE1-PEG2000(1%)-NE was intravenously administered. Compared with the lipo-PGE1, long distribution half-life was observed after the same dose of PGE1-PEG2000(1%)-NE was intravenously administered.
DISCUSSION
In recent years, nanoemulsions have caused much attention as a feasible carrier for the delivery of hydrophobic drugs. Their high solubilization capacity, ease of production, and long-term stability make nanoemulsions as promising drug delivery systems (32) . The droplet size of nanoemulsions is an important factor because it influences drug-release behavior and stability (33) . For a nanoparticle to exhibit prolonged circulation and enhanced permeability and retention (EPR) effect, the smallest average particle size is 5.5 nm, the renal filtration cutoff size (34) . Particles that size are smaller than 50 nm will interact with hepatocytes. Large particles (>1 μm) may cause emboli (the diameter of the smallest blood capillaries is 4 μm) and can be taken up by mononuclear phagocytic system (MPS) (35) . Fang et al. (36) reported that the protein adsorption on the 80-nm particles (6%) was lower than that on larger sizes (171 and 243 nm, 23 and 34%, respectively) because smaller particles exhibit a higher surface density of PEG. The net charge on a surface of a particle is an influential physical factor impacting PK and PD. Generally speaking, negatively charged particles (ξ≤10 mV) exhibit strong MPS uptake, and positive particles (ξ>10 mV) will induce serum protein aggregation. Neutral nanoparticles (within ±10 mV) exhibit the least MPS interaction and the longest circulation (37) . Thus, based on stability, zeta potential, and average particle size, the PGE1-PEG2000(1%)-NE is the most suitable nanoemulsion for the pharmacokinetic study. As the index of size distribution, the PDI represents the similarity between particles. The more closer to zero the PDI value is, the more homogeneous the droplets are (38) . A large PDI value indicates that the particles have a broad size distribution and are substantially different in size. The ununiform particle size can cause pharmacokinetic parameters to be irregular and can affect the therapeutic efficiency of a drug formulation (39) . PDI value of PGE1-PEG2000(1%)-NE was below 0.2, this indicated that the particle size distribution of PGE1-PEG2000(1%)-NE was homogeneous. This was due to the nanoemulsion ingredients and preparation method that had a process of high-pressure homogenization. Several polymers, such as polysaccharides, have been used to coat nanoparticles to efficiently increase circulation time (40) . Among the various polymers, polyethylene glycol (PEG) is the most widely used strategy to create a steric barrier on the surface of nanoparticles to block the absorption of blood protein (41, 42) . Poly(ethylene glycol) (PEG) was first introduced in the early 1990s to modify the surface of liposomes to improve pharmacokinetics (PK) after liposomes were intravenously (i.v.) administered (43) . Binding of plasma proteins is the primary mechanism for the MPS to recognize the nanoparticles in blood circulation, causing a major loss of the injected dose (ID) (>50%) within a few hours after i.v. injection (44) . PEGylated nanoparticles are often referred as Bstealth^nanoparticles because they can escape the surveillance of MPS better than the control nanoparticles. PEGylation is also a key factor, influences physicochemical properties of nanoparticles, and consequently affects the in vivo cycle time of the nanoparticle (45) . In the molecule of PEG-DSPE, the hydrophilic part is larger as in comparison with its double hydrophobic fatty acid tail. There is mushroom-like and brush-like configuration of PEG when PEG is incorporated in the surface of the nanoemulsion or nanoparticles (45) . When the density was low and the chain length was short, the PEG is mushroom-like, and the curvature of the membrane increased, which resulted in the decrease of the PGE1-PEG2000(1%)-NE diameter. When the PEG density increased and there was no more room for the curvature of the membrane, the PEG was brush-like configuration, which led to the increase of diameter. The molecular weight of PEG significantly affected the size of PGE1-PEG-NE. The size of PEG-DSPE5000 or PEG-DSPE10000 modified nanoemulsion was bigger than PEG-DSPE2000 modified nanoemulsion. This implied that with the increase of molecular weight of PEG, the size of PGE1-PEG-NE became bigger. The quantification of PGE1 has been achieved by GC-MS/MS (46, 47) , HPLC (48), HPLC-MS/MS (49) , and UPLC-MS/MS (50), among these methods, the UPLC-MS/MS, which is the most sensitive and high throughputs, is suitable to be applied to pharmacokinetic studies. However, the instrument is so expensive that the method is not suitable for every lab. We developed a LC-MS/MS assay for the measurement of the PGE1 amount encapsulated in the nanoemulsions and PGE1 concentrations in rat plasma. The method had been proved to be fast, accurate, and reliable for its applications. In this method, we used the short chromatography column because the signal of the PGE1 was more stable and sensitive by using short column. Although the retention time of PGE1 and IS was near similar, there was no disturbance on the detection of the PGE1 and IS due to the high selectivity of the MRM scan mode. Different extraction methods including protein precipitation (methanol, ethanol, and acetonitrile) and liquid-liquid extraction using ethyl acetate and diethyl ether were tested in our experiment. An optimized diethyl ether-based liquid-liquid extraction method was selected due to its high extraction recoveries and was less time consuming. So, the extraction solvent was diethyl ether. To increase the extraction recovery, the formic acid was added to the plasma. The method we developed is the first LC-MS/MS method used for determining the PGE1 concentration in rat plasma.
A comparative pharmacokinetic study between PGE1-PEG2000(1%)-NE (200 μg/kg) and lipo-PGE1 (200 μg/kg) was performed by determining the concentration of PGE1 in rat plasma for 60 min after an intravenous administration. The area of the concentration-time curve is currently considered to be the standard method to assess the concentration in blood. In pharmacokinetic studies, the area under the concentrationtime curve is showed to reflect the circulating situation. The AUC of the PGE1 after administration of PGE1-PEG2000(1%)-NE was about 1.47-fold higher than that of lipo-PGE1. PGE1 was detectable in rat plasma at 60 min after PGE1-PEG2000(1%)-NE was administered. In contrast, PGE1 was not detectable in rat plasma at 20 min after lipo-PGE1 was administered. The pharmacokinetic parameters suggested that the metabolism of PGE1 in rats was significantly delayed after it was encapsulated into PEGylated nanoemulsion. PGE1-PEG2000(1%)-NE showed a significant sustained release characteristic. Because of the high AUC of PGE1-PEG2000(1%)-NE, the dose of the PGE1 could be reduced. This could significantly reduce drug toxicity and increase the therapeutic effect. The PEG was an important factor that affected the pharmacokinetic profile of the PGE1 nanoemulsion formulation. So, the new PGE1-PEG-NE was much more suitable for encapsulating PGE1 than other nanocarriers. PEG chains supply Binvisibility^to the drug carrier. This leads to a reduced recognition of the MPS and an extended time of circulation.
In the past several years, some PGE1-loaded delivery systems had been developed as novel intravenous formulations. Tsutomu Ishihara et al. (19) developed nanoparticles that efficiently incorporated PGE1 by blending PLA homopolymers and PEG-PLA block copolymers in the presence of iron. This formulation prevented the inactivation of PGE1, exhibited a long-term therapeutic effect due to slow release along with degradation of the polymers, and controlled the biodistribution to target sites. Yu Gao et al. (22) prepared a lipid nanoparticles loading PGE1 by highpressure homogenization. PLNs exhibited a sustained release with low burst drug release. Lipid nanoparticles could effectively protect PGE1 from degradation and release PLNs sustainedly, which resulted in the improved antiinflammatory effects and reduce the side effect. Miho Takeda et al. (21) prepared PGE1 2-(phosphonooxy)ethyl ester sodium salt (C2), which showed the most efficient hydrolysis to yield PGE1 in human serum. An in vitro platelet aggregation assay showed that C2 inhibited aggregation only after preincubation in serum, suggesting that C2 is a prodrug of PGE1. C2 released sustainedly from the nanoparticles by using high molecular weight PLA, which is useful in clinic. Mitsuko Takenaga et al. (20) focused on the effect of Nano PGE1on SCI-induced motor dysfunction in a rat model and examined its distribution and the mechanism. The results suggested that nano PGE1 significantly improved hind limb motor dysfunction induced by SCI in rats. The steady level of PGE1 released from nanoparticles, which was accumulated in the injured site by EPR effect, would prevent cell death, induce angiogenesis, and improve blood flow to survive the remaining cells and recruit the function. These nanoparticles all showed good sustained-release profile; however, the preparation process is more complex and the polymer used in the nanoparticle may not be well-tolerated in humans. The PGE1-PEG2000(1%)-NE was prepared by using soybean oil, which have been clinically available for several decades and are currently used in many parenteral formulations. Meanwhile, lecithin (E80) and mPEG-DSPE were welltolerated in humans. Compared with other drug delivery system, PGE1-PEG2000(1%)-NE had the advantages such as easy production and no organic solvent was used in the preparation.
Finally, PGE1-PEG2000(1%)-NE could be successfully prepared on a large-scale (20-fold scale), sterilized by high temperature using autoclave sterilizer. During storage of PGE1-PEG2000(1%)-NE for 1 month at 25°C, no chemical changes of PGE1 or leaking (burst release) from nanoemulsion were observed. Concerning safety for clinical use, the additives in nanoemulsion seem to be acceptable.
CONCLUSION
LC-MS/MS-based analytical method was specific, sensitive, and accurate. PGE1-PEG2000(1%)-NE showed small PDI, high entrapment efficiency, stability, as well as a significant sustained release characteristic in vivo. Thus, as an alternative parenteral colloidal delivery system, PGE1-PEG2000(1%)-NE had a promising potential in clinic application.
